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Let N ij be the count in S 1 of heterozygous parents with haplotypes i, j transmitting haplotype i to their child, and N ji be the count in S 1 of parents with the same genotype but transmitting haplotype j to their child. Let consider N ij a realization of the random variable X ij , i = 1, . . . , k, j = i + 1, . . . , k, and N ji a realization of the random variable X ji and N ii a realization for S 1 of the random variable X ii . Thus, X ji = N ij − X ij holds.
Let n iT = j =i N ij and n iU = j =i N ji realizations for S 1 of the random variables X iT = j =i X ij and X iU = j =i X ji respectively. Under the null hypothesis of no linkage, every heterozygous parent has the same probability of transmitting one haplotype or the other to their offspring. Therefore, X ij and X ji are respectively binomial with parameters (n ij , 1/2) and (n ji , 1/2) and X iT and X iU are respectively binomial with parameters (n iT , 1/2) and (n iU = n i − n iT , 1/2) with n i being defined as n iT + n iU . Hence, when using S 1 to build the groups, it turns out that every haplotype i in S 1 has the same probability of belonging to groups g 1 and g 2 .
Once the two groups are defined by using S 1 , only those heterozygous parents in S 2 with one haplotype in each group are used in mT DT 2G . In the case a haplotype in S 2 does not exist in S 1 , the haplotype will be considered as belonging to the group where the most similar haplotype in S 1 was placed. As it was said above, the similarity between haplotypes in mT DT 2G is computed by the length similarity measure [?, ?, ?] . Let n ij be the counts of heterozygous parents in S 2 with either h i ∈ g 1 and h j ∈ g 2 or the other way around. Under the null hypothesis, N ij , the count of heterozygous parents in S 2 with either h i ∈ g 1 and h j ∈ g 2 or the other way around transmitting haplotype i to their offspring is a realization of a random variable X ij which is binomial with parameters (n ij , 1/2) and in an equivalent manner the count of those parents in S 2 transmitting haplotype j N ji is a realization of a random variable X ji which also is asymptotically binomial with parameters (n ij , 1/2). Therefore, the total counts of heterozygous parental genotypes with one haplotype in each group with the haplotype in g 1 being transmitted to the offpsring n g1g2 and with the haplotype in g 2 being transmitted to the offspring n g2g1 are then realizations of the random variables
As only those heterozygous parents with one haplotype in each group are used by mT DT 2G , is straightforward to show that mT DT 2G may be considered a generalization of the simple biallelic monomarker T DT , a McNemar test, in which instead of two haplotypes it uses two groups of haplotypes and considers all the haplotypes in the same group as the same one so that parents with both haplotypes in the same group are disregarded.
Therefore, the variance of mT DT 2G is
The random variable T 2G can be rewritten as:
with n i being defined only for haplotypes in g 1 as hj ∈g2 n ij . Thus,
is asymptotically χ 2 1 (V ar(T 2G ) = 2) under the null hypothesis, as its square root is a standard normal, if we take into account that under the null X ij is binomial with parameters (n ij , 1/2), for large samples 2X ij is asymptotically normal with mean and variance n ij and hence, as X ij and X ik are independent for any k = j, hi∈g1,hj ∈g2 2X ij − n i is normal with variance n i , and hi∈g1,hj ∈g2 2X ij − n g is normal with variance n g .
